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MEMORY DEVICE

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
a memory device.

2. Description of the Related Art

Memory devices have a plurality of memory cells for
storing data. Each memory cell may include a MOS tran-
sistor functioning as a switch and a capacitor for storing a
charge representing data stored in the memory cell. For
example, a charge stored in a capacitor may represent a ‘1’
or a ‘0’ in a binary logic system depending upon whether the
stored charge is high or low.

Ideally, no consumption of power is needed to retain data
stored in a memory cell. However, in practice, the stored
data may not be retained for a long time period because a
charge initially stored in a capacitor of a memory cell may
be lost due to a leakage current occurring at the PN junction
of'a MOS transistor. Before stored data is lost, for preventing
data loss, stored data are read and the charges corresponding
to the read data are recharged into the memory cells. Such
a process is known as a refresh operation and is typically
repeated periodically for maintaining the integrity of stored
data.

FIG. 1 is a diagram showing part of a cell array included
in a memory device. In FIG. 1, “BL” denotes a bit line.

In the cell array of FIG. 1, WLK-1, WLK (HIGH_ACT),
and WLK+1 denote three word lines disposed in parallel to
one another. The word line WLK(HIGH_ACT) is a word
line having a larger activation number or higher activation
frequency than the other word lines. The word line WLK-1
and the word line WLK+1 are disposed adjacent on either
side of the word line WLK. CELL_K-1, CELL_K, and
CELL_K+1 are memory cells coupled to the word lines
WLK-1, WLK (HIGH_ACT), and WLK+1, respectively.
The memory cells CELL_K-1, CELL_K, and CELL_K+1
include respective cell transistors TR_K-1, TR_K, and
TR_K+1 and respective cell capacitors CAP_K-1, CAP_K,
and CAP_K+1.

In FIG. 1, when the word line WLK (HIGH_ACT) is
activated or precharged (or deactivated), the voltages of the
word line WLK-1 and the word line WLK+1 may rise and
fall due to a coupling phenomenon generated between the
word line WLK (HIGH_ACT) and each of the word lines
WLK-1 and WLK+1, which also affects the charges stored
in their respective cell capacitors CAP_K-1 and CAP_K+1.
Accordingly, if the word line WLK (HIGH_ACT) is acti-
vated and precharged frequently, that is, if the word line
WLK (HIGH_ACT) is toggled in the active, precharge state,
data stored in the cell capacitors CELL_K-1 and
CELL_K+1 may be damaged due to a change in the charges
stored in the cell capacitors CAP_K-1 and CAP_K+1. This
is often referred to as a row hammer phenomenon.

Furthermore, the data of the memory cells may be dam-
aged due to electromagnetic waves generated when the word
line WLK (HIGH_ACT) is toggled in the active, precharge
state which may drain electrons from the cell capacitors
CAP_K-1 and CAP_K+1.

SUMMARY

Various embodiments are directed to a memory device
capable of preventing the data of memory cells from being
damaged by additionally refreshing a normal word line
adjacent to a row hammering word line.
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2

In addition, various embodiments are directed to a
memory device capable of preventing the data of memory
cells from being damaged by additionally refreshing an
adjacent redundancy word line if a row hammering word
line is a redundancy word line.

In an embodiment, a memory device may include a
plurality of normal word lines; a plurality of redundancy
word lines capable of replacing the word lines; a hammering
information storage unit capable of storing an address of a
row hammering word line of the normal word lines and the
redundancy word lines; an address generation unit capable
of generating an address of a normal word line or redun-
dancy word line adjacent to a normal word line or redun-
dancy word line corresponding to the address stored in the
hammering information storage unit; and a refresh control
unit capable of selecting the normal word line or redundancy
word line corresponding to the address generated by the
address generation unit for performing an additional refresh
operation.

In an embodiment, a memory device may include a
plurality of normal word lines; a plurality of redundancy
word lines capable of replacing the word lines; a hammering
address generation unit capable of storing an address of a
row hammering word line of the normal word lines and the
redundancy word lines and replacement information indica-
tive of whether the row hammering word line is a normal
word line or a redundancy word line, and generating an
address of a normal word line or redundancy word line
adjacent to the row hammering word line; a redundancy
selection unit capable of controlling the redundancy word
line corresponding to the address generated by the hammer-
ing address generation unit to be selected from the redun-
dancy word lines when the replacement information indi-
cates that the row hammering word line is the redundancy
word line; and a refresh control unit capable of controlling
the normal word line or redundancy word line corresponding
to the address generated by the hammering address genera-
tion unit to be additionally refreshed.

In an embodiment, a memory device may include a
plurality of normal word lines; a plurality of redundancy
groups each comprising one or more redundancy word lines
for replacing the word lines; a first hammering information
storage unit capable of storing an address of a row ham-
mering word line of the normal word lines; a first address
generation unit capable of generating an address of a normal
word line adjacent to a normal word line corresponding to
the address stored in the first hammering information storage
unit; a plurality of second hammering information storage
units each capable of storing an address of a row hammering
word line of the redundancy word lines of each of the
redundancy groups; a plurality of second address generation
units each capable of generating an address of a redundancy
word line adjacent to a redundancy word line corresponding
to the address stored in each of the second hammering
information storage units; and a refresh control unit capable
of controlling a normal word line corresponding to the
address generated by the first address generation unit or a
redundancy word line corresponding to the address gener-
ated by the second address generation unit to be additionally
refreshed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing part of a conventional cell
array included in a memory device.

FIG. 2 is a block diagram illustrating a memory device,
according to an embodiment of the present invention.
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FIG. 3 is a detailed diagram of an example of a hammer-
ing control unit shown in FIG. 2.

FIG. 4 is a detailed diagram of an example of a hammer-
ing information storage unit shown in FIG. 3.

FIG. 5 is a detailed diagram of an example of a redun-
dancy control unit shown in FIG. 2.

FIG. 6 is a diagram illustrating a memory device accord-
ing to another embodiment of the present invention.

FIG. 7 is a detailed diagram of an example of a hammer-
ing control unit shown in FIG. 6.

DETAILED DESCRIPTION

Various embodiments will be described below in more
detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different
forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete to those skilled in the art to which this invention
pertains. Throughout the disclosure, like reference numerals
refer to like parts throughout the various figures and embodi-
ments of the present invention. It is also noted that in this
specification, “connected/coupled” refers to one component
not only directly coupling another component but also
indirectly coupling another component through an interme-
diate component.

Hereinafter, a row hammering word line may be indica-
tive of a normal word line or a redundancy word line having
an activation number equal or greater than a reference
number or having a frequency equal or greater than a
reference frequency. A hammering address may be indica-
tive of the address of a row hammering word line. Accord-
ingly, if a row hammering word line is a normal word line,
a hammering address may be the address of a corresponding
word line. If a row hammering word line is a redundancy
word line, a hammering address may be the address a
corresponding redundancy word line.

Referring now to FIG. 2 a memory device according to an
embodiment of the present invention. The memory device
may include a cell array 210, a hammering control unit 220,
a refresh counter 230, a refresh control unit 240, a redun-
dancy control unit 250, and a redundancy selection unit 260.

The cell array 210 may include a plurality of word lines
WLO to WLn, redundancy word lines RWL0 to RWLm for
replacing defective word lines of the word lines, a plurality
of bit lines BL, and a plurality of memory cells MC.

The hammering control unit 220 may detect a row ham-
mering word line and store a corresponding hammering
address. The hammering control unit 220 may detect a
normal word line or redundancy word line which satisfies a
first and/or a second condition, as a row hammering word
line. The first condition may be the normal word line or
redundancy word line having an activation number equal or
greater than a reference number. The second condition may
be the normal word line or redundancy word line having a
frequency equal or greater than a reference frequency. For
example, the reference frequency may be represented by the
ratio of the activation number of a specific word line to the
total number of active operations performed in the memory
device during a specific time period. The activation number
of a specific word line may be the number of times the
specific word line has been activated. For example, if the
reference frequency is 2/5, this may mean that a specific
word line is activated twice while an active operation is
performed five times.
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The hammering control unit 220 may detect a row ham-
mering word line based on the number of times an input
address I_ADD corresponding to an active signal ACT has
been inputted. An Input address I_ADD may be activated
every time an active operation of the memory device is
performed. For example, the activation number of a specific
word line or the activation frequency of the specific word
line may be detected by counting the number of inputs of the
address I_ADD corresponding to the specific word line
when the active signal ACT is activated. In this case, if the
detected specific word line has been substituted with a
redundancy word line, the redundancy word line may
become a row hammering word line.

The hammering control unit 220 may store the address
1_ADD, corresponding to a word line, as a hammering
address H_ADD if a row hammering word line is the word
line. The hammering control unit 220 may store an address
R_ADD, corresponding to a redundancy word line, and the
address I_ADD of a word line substituted by a row ham-
mering word line if the row hammering word line is the
redundancy word line.

Furthermore, the hammering control unit 220 may store
replacement information RED indicative of whether a row
hammering word line is a normal word line or a redundancy
word line. For such an operation, when detecting a row
hammering word line, the hammering control unit 220 may
store a corresponding address I_ADD, a hit signal HIT
indicative of whether an operation is a repair operation as
replacement information RED along with the corresponding
address I_ADD and an address R_ADD corresponding to a
redundancy word line activated when the hit signal HIT is
activated.

The hammering control unit 220 may generate the address
of a normal word line or redundancy word line adjacent to
a row hammering word line using an address stored in the
section in which a supplemental refresh is performed and
output the generated address. If a row hammering word line
is found to be a word line based on replacement information
RED, the hammering control unit 220 may generate and
output a target address T_ADD for selecting the word line.
It a row hammering word line is found to be a redundancy
word line based on replacement information RED, the
hammering control unit 220 may generate and output a
target address TR_ADD for selecting the redundancy word
line. Furthermore, when a supplemental refresh signal SR is
activated, the hammering control unit 220 may output
replacement information RED in a supplemental refresh
section. The replacement information RED may be deacti-
vated when a row hammering word line is a word line. The
replacement information RED may be activated when a row
hammering word line is a redundancy word line.

The hammering control unit 220 may generate a target
address T_ADD or TR_ADD by adding or subtracting a
specific value to or from a hammering address H_ADD
stored therein. If a row hammering word line is a word line,
the hammering control unit 220 may generate a target
address T_ADD by subtracting 1 from a hammering address
H_ADD. If a row hammering word line is a redundancy
word line, the hammering control unit 220 may generate a
target address TR_ADD by adding or subtracting 1 to or
from a hammering address H_ADD. If a hammering address
H_ADD corresponds to a K-th word line, a value obtained
by subtracting 1 from the hammering address H_ADD may
correspond to a (K-1)-th word line, and a value obtained by
adding 1 to the hammering address H_ADD may correspond
to a (K+1)-th word line. If a hammering address H_ADD
corresponds to an [-th redundancy word line, a value
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obtained by subtracting 1 from the hammering address
H_ADD may correspond to an (L.-1)-th redundancy word
line, and a value obtained by adding 1 to the hammering
address H_ADD may correspond to an (L+1)-th redundancy
word line.

The refresh counter 230 may generate a counting address
C_ADD by updating a counter each time a refresh signal
REFA is activated. For example, the refresh counter 230 may
increase the value of the counting address C_ADD by 1 each
time the refresh signal REFA is activated. Hence, if, for
example, the value of the counting address C_ADD is
increased by 1, this may mean that if a K-th word line has
been selected this time, the value of the counting address
C_ADD is changed so that a (K+1)-th word line is selected
next time. When the supplement refresh signal SR is acti-
vated, the refresh counter 230 may not perform a counting
operation, i.e., may not change the value of the counting
address C_ADD.

When a refresh command REF is applied, the refresh
control unit 240 may activate the refresh signal REFA more
than once (e.g., twice), count the number of times that the
refresh command REF has been applied, and activate the
supplement refresh signal SR if a specific condition is met.

When the refresh signal REFA is activated in a state in
which the supplement refresh signal SR has been deacti-
vated, a normal refresh operation may be performed. When
the refresh signal REFA is activated in a state in which the
supplement refresh signal SR has been activated, a supple-
ment refresh operation may be performed. For example, the
refresh control unit 240 may activate the supplement refresh
signal SR whenever the refresh command REF is applied in
a multiple of 8, and deactivate the supplement refresh signal
SR after the refresh signal REFA is activated twice after the
activation of the supplement refresh signal SR.

The redundancy control unit 250 may store the address of
a replaced word line and control the repair operation of the
memory device. For example, a repair operation may mean
an operation for replacing a defective word line with a
redundancy word line and accessing the redundancy word
line instead of the defective word line.

The redundancy control unit 250 may include address
storage units (not shown in FIG. 2) corresponding to the
respective redundancy word lines RWLO-RWLm. The
redundancy control unit 250 may generate the hit signal HIT
and signals HIT<0:m> corresponding to the respective
redundancy word lines RWLO to RWLm. If there is an
address storage unit among the plurality of address storage
units in which the same address as the address I_ADD has
been stored, the redundancy control unit 250 may activate a
hit signal among the signals HIT<0:m> corresponding to
such an address storage unit. Furthermore, when one or
more of the signals HIT<0:m> are activated, then the
redundancy control unit 250 may activate the hit signal HIT.

The redundancy selection unit 260 may be used to select
a redundancy word line using addresses R_ADD and
TR_ADD regardless of the signals HIT<0:m> generated by
the redundancy control unit 250.

During a test operation, the redundancy selection unit 260
may select a redundancy word line using an address R_ADD
received from an external device. While a test operation is
performed, the test signal TEST may be activated. If replace-
ment information RED indicates that a row hammering word
line is a redundancy word line in a supplemental refresh
operation, the redundancy selection unit 260 may select a
redundancy word line corresponding to a target address
TR_ADD.
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The cell array 210 may activate a word line corresponding
to the address I_ADD when the active command ACT is
applied. The cell array 210 may activate a redundancy word
line corresponding to a signal that belongs to the signals
HIT<0:m> when the hit signal HIT is activated. When a
precharge command PRE is applied, the cell array 210 may
precharge an activated normal word line or redundancy
word line. Furthermore, when a test signal TEST is acti-
vated, the cell array 210 may access a redundancy word line
corresponding to an address R_ADD.

The cell array 210 may refresh a word line corresponding
to a counting address C_ADD when the refresh signal REFA
is activated. The cell array 210 may refresh a redundancy
word line corresponding to a signal that belongs to the
signals HIT<0:m> and that is activated when the hit signal
HIT is activated. Furthermore, the cell array 210 may refresh
a word line corresponding to a target address T_ADD when
the refresh signal REFA is activated, if the supplement
refresh signal SR has been activated but may refresh a
redundancy word line corresponding to a target address
TR_ADD when replacement information RED is activated.

The deterioration of data attributable to a row hammering
phenomenon may be prevented by refreshing word lines
adjacent to a row hammering word line. If a row hammering
word line is a redundancy word line, a method for selecting
adjacent redundancy word lines and performing refresh is
problematic. The reason for this is that a word line is
commonly selected using a corresponding address, but a
redundancy word line is selected using the signals HIT<0:
m> other than an address. In the memory device of FIG. 2,
when a supplement refresh operation is performed, a redun-
dancy word line is selected using a target address TR_ADD
so that adjacent redundancy word lines may be selectively
refreshed although a row hammering word line is a redun-
dancy word line.

FIG. 3 is a detailed diagram of an example of the
hammering control unit 220 shown in FIG. 2.

Referring to FIG. 3, the hammering control unit 220 may
include a hammering detection unit 310, a hammering
information storage unit 320, and an address generation unit
330.

The hammering detection unit 310 may detect a row
hammering word line and output the address of a row
hammering word line as a hammering address H_ADD. The
hammering detection unit 310 may detect a row hammering
word line in response to the active command ACT, the
address I_ADD, the hit signal HIT, and the signals HIT<0:
m>. The hammering detection unit 310 may detect a row
hammering word line using the input number of the address
1_ADD, inputted along with the active command ACT, or
input frequency of the address I_ADD inputted along with
the active command ACT. For example, if the input number
of the address I_ADD corresponding to the word line WLk,
which is inputted along with the active command ACT, is
equal to or greater than the reference number, or if the input
frequency of the address I_ADD inputted along with the
active command ACT is equal to or greater than the refer-
ence number, the hammering detection unit 310 may output
the address I_ADD corresponding to the word line WLk as
a hammering address H_ADD. The hammering detection
unit 310 may activate a detection signal DET when detecting
a row hammering word line.

In this case, if the row hammering word line is a redun-
dancy word line, the hammering detection unit 310 may
output an address corresponding to an activated signal of the
signals HIT<0:m> as the hammering address H_ADD. For
example, if the activation number of the signal HIT<I>
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activated along with the active command ACT is equal to or
greater than the reference number, the hammering detection
unit 310 may output an address corresponding to the redun-
dancy word line RWLI corresponding to the signal HIT<I>
as a hammering address H_ADD.

When the detection signal DET is activated, the hammer-
ing information storage unit 320 may store a hammering
address H_ADD and the hit signal HIT. The hit signal HIT
may be stored as replacement information RED indicative of
whether a row hammering word line is a normal word line
or a redundancy word line. If the hit signal HIT has been
deactivated when the detection signal DET is activated, a
row hammering word line may be a word line. If the hit
signal HIT has been activated when the detection signal
DET is activated, a row hammering word line may be a
redundancy word line. The hammering information storage
unit 320 may sequentially store two or more addresses and
replacement information if the detection signal DET is
activated more than twice.

The hammering information storage unit 320 may output
an address S_ADD and replacement information RED
stored in a supplemental refresh operation. If the number of
stored addresses and stored replacement information is equal
or greater than two, the hammering information storage unit
320 may sequentially output the stored addresses and stored
replacement information. For example, if first and second
addresses and first and second replacement information are
to be stored, the hammering information storage unit 320
may output the first address and the first replacement infor-
mation in a first supplemental refresh operation, and output
the second address and the second replacement information
in a second supplemental refresh operation.

The address generation unit 330 may generate a target
address T_ADD or TR_ADD using an address S_ADD
output by the hammering information storage unit 320. For
example, the address generation unit 330 may generate a
target address T_ADD by subtracting 1 from an address
S_ADD when replacement information RED is deactivated
and the supplement refresh signal SR is activated. The
address generation unit 330 may generate a target address
T_ADD by adding 1 to an address S_ADD when the refresh
signal REFA is activated after the supplement refresh signal
SR is activated. The address generation unit 330 may
generate a target address T_ADD by subtracting 1 from an
address S_ADD when replacement information RED is
activated and the supplement refresh signal SR is activated.
The address generation unit 330 may generate a target
address T_ADD by adding 1 to an address S_ADD when the
refresh signal REFA is activated and deactivated after the
supplement refresh signal SR is activated. The sequence in
which 1 is added to or subtracted from the address S_ADD
may be reversed.

FIG. 4 is a detailed diagram of an example of the
hammering information storage unit 320 shown in FIG. 3.

Referring to FIG. 4, the hammering information storage
unit 320 may include a selection signal generation unit 410,
a plurality of address storage units 420_0 to 420_3, and a
plurality of replacement information storage units 430_0 to
430_3.

The selection signal generation unit 410 may activate first
selection signals SEL1<0:3> sequentially, based on the
activation number of the detection signal DET. The selection
signal generation unit 410 may activate second selection
signals SEL[.2<0:3> sequentially, based on the activation
number of the supplement refresh signal SR. The selection
signal generation unit 410 may activate the first selection
signals SEL.1<0> to SEL.1<3> sequentially, when the detec-
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tion signal DET is activated from first to fourth. Further-
more, the selection signal generation unit 410 may activate
the second selection signals SE[.2<0> to SE[.2<3> sequen-
tially, when the supplement refresh signal SR is activated
from first to fourth.

Each of the plurality of address storage units 420_0 to
420_3 may store a hammering address H_ADD when the
detection signal DET is activated and each of the first
selection signals SEL.1<0:3> is activated. Each of the plu-
rality of address storage units 420_0 to 420_3 may output an
address S_ADD therein when the supplement refresh signal
SR is activated and each of the second selection signals
SEL2<0:3> is activated.

Each of the plurality of replacement information storage
units 430_0 to 430_3 may store the hit signal HIT as
replacement information when the detection signal DET is
activated and each of the first selection signals SEL1<0:3>
is activated. Each of the plurality of replacement information
storage units 430_0 to 430_3 may output replacement infor-
mation RED stored therein when the supplement refresh
signal SR is activated and each of the second selection
signals SEL.2<0:3> is activated.

FIG. 5 is a detailed diagram of the redundancy control
unit 250 shown in FIG. 2.

Referring to FIG. 5, the redundancy control unit 250 may
include a plurality of address storage units 510_0 to 510_m,
a plurality of comparison units 520_0 to 520_sm, and a signal
generation unit 530. The plurality of address storage units
510_0 to 510_m corresponds to the respective redundancy
word lines RWLO-RWLm, and store the addresses of the
word lines WL0O to WLn to be replaced. For example, if the
word line WL13 is replaced with the redundancy word line
RWL3, the address of the word line WL13 may be stored in
the address storage unit 510_3.

The plurality of comparison units 520_0 to 520_m cor-
responds to the respective address storage units 510_0 to
510_m, compare the address I_ADD with addresses
S_ADDO to S_ADDm stored in the corresponding address
storage units 510_0 to 510_m, and generate the signals
HIT<0:m> based on the results of the comparison. If the
address 1_ADD is the same as each of the addresses
S_ADDO to S_ADDm stored in the corresponding address
storage units 510_0 to 510_m, each of the comparison units
520_0 to 520_m may activate each of the signals HIT<0:m>.

The signal generation unit 530 generates the hit signal
HIT, activate the hit signal HIT when one or more of the
signals HIT<0:m> are activated, and deactivate the hit signal
HIT when all of the signals HIT<0:m> are deactivated.

FIG. 6 is a block diagram illustrating a memory device
according to an embodiment of the present invention.

Referring to FIG. 6, the memory device may include a cell
array 610, a hammering control unit 620, a refresh counter
630, a refresh control unit 640, a redundancy control unit
650, and a redundancy selection unit 660.

In the memory device of FIG. 6, the cell array 610 may
include a plurality of redundancy groups RGO to RG3
including one or more redundancy word lines RWL0_0 to
RWLO0_m to RWL3_0 to RWL3_m, respectively, along with
a plurality of word lines WL (bit lines and memory cells are
not shown. The memory device shown in FIG. 6 may
perform an operation similar to the memory device shown in
FIG. 2 except that it includes the plurality of redundancy
groups RGO to RG3.

FIG. 7 is a detailed diagram of the hammering control unit
620 shown in FIG. 7.

Referring to FIG. 7, the hammering control unit 620 may
include a hammering detection unit 710, a first hammering
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information storage unit 720, a first address generation unit
730, a plurality of second hammering information storage
units 740_0 to 740_3, and a plurality of second address
generation units 750_0 to 750_3.

The hammering detection unit 710 may detect a row
hammering word line and output the address of a row
hammering word line as a hammering address H_ADD,
HR_ADDO to HR_ADD3. The hammering detection unit
710 may detect a row hammering word line in response to
an active command ACT, an address I_ADD, a hit signal
HIT, HITO to HIT3, and a signal HIT0<0:m> to HIT3<0:m>.
The hit signals HIT0 to HIT3 correspond to the respective
redundancy groups RGO to RG3, and the signals HIT0<0:
m> to HIT3<0:m> correspond to the redundancy word lines
RWLO0_0 to RWLO0_m to RWL3_0 to RWL3_m, respec-
tively. A method of detecting, by the hammering detection
unit 710, a row hammering word line is similar to the
method described with reference to FIG. 3. The hit signal
HIT may be activated when one or more of the hit signals
HITO to HIT3 are activated.

For reference, when one or more of the signals HIT0<0:
m> are activated, the hit signal HIT0 may be activated.
When one or more of the signals HIT1<0:m> are activated,
the hit signal HI'T1 may be activated. When one or more of
the signals HIT2<0:m> are activated, the hit signal HIT2
may be activated. When one or more of the signals HIT3<0:
m> are activated, the hit signal HIT3 may be activated.

When detecting a row hammering word line, the ham-
mering detection unit 710 may activate a detection signal
DET and output a hammering address H_ADD, HR_ADDO0
to HR_ADD3. If a row hammering word line is a word line,
the hammering detection unit 710 may output the address
1_ADD as a hammering address H_ADD.

If a row hammering word line is a redundancy word line,
the hammering detection unit 710 may output an address,
corresponding to an activated signal of the signals HIT0<0:
m> to HIT3<0:m>, as one of the hammering addresses
HR_ADDO to HR_ADD3 corresponding to an activated hit
signal of the hit signals HITO to HIT3. When one of the
signals HIT0<0:m> and the hit signal HIT0 are activated, the
hammering detection unit 710 may output an address, cor-
responding to the activated signal (i.e., one of the signals
HIT0<0:m>), as the hammering address HR_ADDO0. When
one of the signals HIT1<0:m> and the signal HIT1 are
activated, the hammering detection unit 710 may output an
address, corresponding to the activated signal (i.e., one of
the signals HIT1<0:m>), as the hammering address
HR_ADD1. When one of the signals HIT2<0:m> and the
signal HIT?2 are activated, the hammering detection unit 710
may output an address, corresponding to the activated signal
(i.e., one of the signals HIT2<0:m>), as the hammering
address HR_ADD2. When one of the signals HIT3<0:m>
and the hit signal HIT3 are activated, the hammering detec-
tion unit 710 may output an address, corresponding to the
activated signal (i.e., one of the signals HIT3<0:m>), as the
hammering address HR_ADD3.

When the detection signal DET is activated, the first
hammering information storage unit 720 may store a ham-
mering address H_ADD. When the detection signal DET is
activated more than twice, the first hammering information
storage unit 720 may sequentially store two or more
addresses and replacement information. When all pieces of
replacement information REDO to RED3 are deactivated in
a supplemental refresh operation, the first hammering infor-
mation storage unit 720 may output an address S_ADD
stored therein.
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The first address generation unit 730 may generate a target
address T_ADD using an address S_ADD output by the first
hammering information storage unit 720. When all pieces of
replacement information RED0 to RED3 are deactivated and
a supplement refresh signal SR is activated, the first address
generation unit 730 may generate a target address T_ADD
by subtracting 1 from an address S_ADD. When a refresh
signal REFA is activated and deactivated after the supple-
ment refresh signal SR is activated, the first address gen-
eration unit 730 may generate a target address T_ADD by
adding 1 to the address S_ADD. In this case, the sequence
in which 1 is subtracted from the address S_ADD and the
sequence in which 1 is added to the address S_ADD may be
reversed.

Each of the plurality of second hammering information
storage units 740_0 to 740_3 may store each of the ham-
mering addresses HR_ADDO to HR_ADD3 when the detec-
tion signal DET and each of the hit signals HITO0 to HIT3 are
activated. When the detection signal DET and each of the hit
signals HITO to HIT3 are activated more than twice, each of
the second hammering information storage units 740_0 to
740_3 may store two or more addresses and replacement
information sequentially.

When a corresponding hit signal is activated in a supple-
mental refresh operation, each of the second hammering
information storage units 740_0 to 740_3 may output each
of the addresses SR_ADDO0 to SR_ADD3 and each of the
pieces of replacement information REDO to RED3 stored
therein. If the number of stored addresses and the number of
pieces of stored replacement information are two or more,
each of the second hammering information storage units
740_0 to 740_3 may sequentially output the stored addresses
and the pieces of stored replacement information.

When each of the pieces of replacement information
REDO to RED3 output by each of the second hammering
information storage units 740_0 to 740_3 is activated, each
of the second address generation units 750_0 to 750_3 may
generate each of the target addresses TR_ADDO to
TR_ADD3 using each of the addresses SR_ADDO to
SR_ADD3 output by each of the second hammering infor-
mation storage units 740_0 to 740_3. For example, when the
replacement information REDO is activated and the supple-
ment refresh signal SR is activated, the second address
generation unit 750_0 may generate the target address
TR_ADDO by subtracting 1 from the address SR_ADDO.
When the refresh signal REFA is activated and deactivated
after the supplement refresh signal SR is activated, the
second address generation unit 750_0 may generate the
target address TR_ADDO by adding 1 to the address
SR_ADDO. In this case, the sequence in which 1 is sub-
tracted from the address SR_ADDO and the sequence in
which 1 is added to the address SR_ADDO0 may be reversed.
Furthermore, the remaining second address generation units
750_1 to 750_3 may operate in the same manner.

For reference, although not shown in FIGS. 6 and 7, the
second hammering information storage units 740_0 to
740_3 and the second address generation units 750_0 to
750_3 may be disposed adjacent to corresponding redun-
dancy groups RGO to RG3. That is, the second hammering
information storage unit 740_0 and the second address
generation unit 750_0 may be disposed adjacent to the
redundancy group RG0. The second hammering information
storage unit 740_1 and the second address generation unit
750_1 may be disposed adjacent to the redundancy group
RG1. The second hammering information storage unit
740_2 and the second address generation unit 750_2 may be
disposed adjacent to the redundancy group RG2. The second
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hammering information storage unit 740_3 and the second
address generation unit 750_3 may be disposed adjacent to
the redundancy group RG3.

Each of the cell arrays 210 and 610 shown in FIGS. 2 and
6 may further include circuits for accessing the word lines
and the bit lines in response to a plurality of control signals
in addition to the word lines, the redundancy word lines, the
bit lines, and the memory cells.

In the embodiments of the present invention, although a
row hammering phenomenon is generated, the memory
device may normally operate because data stored in the
memory device is prevented from being damaged by addi-
tionally refreshing a word line adjacent to a row hammering
word line.

In the embodiments of the present invention, if a row
hammering word line is a redundancy word line, although a
row hammering phenomenon is generated in a redundancy
word line, the memory device may normally operate
because data stored in the memory device is prevented from
being damaged by additionally refreshing a redundancy
word line adjacent to the row hammering word line.

Although various embodiments have been described for
illustrative purposes, it will be apparent to those skilled in
the art after having read the present disclosure that various
changes and modifications may be made without departing
from the spirit and scope of the invention as defined in the
following claims.

What is claimed is:

1. A memory device, comprising:

a plurality of normal word lines;

a plurality of redundancy word lines capable of replacing

the word lines;

a hammering information storage unit capable of storing
an address of a row hammering word line of the normal
word lines and the redundancy word lines;

an address generation unit capable of generating an
address of a normal word line or redundancy word line
adjacent to a normal word line or redundancy word line
corresponding to the address stored in the hammering
information storage unit; and

a refresh control unit capable of selecting the normal word
line or redundancy word line corresponding to the
address generated by the address generation unit for
performing an additional refresh operation.

2. The memory device of claim 1, wherein the row
hammering word line comprises a word line or a redundancy
word line having an activated number equal to or greater
than a reference number or having an activated frequency
equal to or greater than a reference frequency.

3. The memory device of claim 1, wherein the hammering
information storage unit stores replacement information
indicative of whether the row hammering word line is a
normal word line or a redundancy word line.

4. The memory device of claim 1, wherein the address
generation unit is capable of generating the address of the
normal word line or redundancy word line adjacent to the
normal word line or redundancy word line corresponding to
the address stored in the hammering information storage unit
by adding or subtracting a specific value to or from the
address stored in the hammering information storage unit.

5. The memory device of claim 1, wherein the refresh
control unit is controls the normal word lines in response to
a periodically received refresh command to be sequentially
refreshed,

wherein the refresh control unit controls the normal word
line or redundancy word line corresponding to the
address generated by the address generation unit to be
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additionally refreshed whenever a specific number of
the refresh commands are received.

6. The memory device of claim 3, wherein the address
generation unit

generates an address of a normal word line adjacent to the
row hammering word line using an address correspond-
ing to the row hammering word line when the replace-
ment information indicates the row hammering word
line is a normal word line; or

generates an address of a redundancy word line adjacent
to the row hammering word line using the address of
the row hammering word line when the replacement
information indicates that the row hammering word
line is a redundancy word line.

7. The memory device of claim 6, further comprising a
redundancy selection unit capable of controlling a redun-
dancy word line corresponding to the address to be selected
when performing a test operation.

8. The memory device of claim 7, wherein the redundancy
selection unit controls a redundancy word line correspond-
ing to an address generated by the address generation unit to
be selected when the replacement information indicates that
the row hammering word line is a redundancy word line.

9. A memory device, comprising:

a plurality of normal word lines;

a plurality of redundancy word lines capable of replacing
the word lines;

a hammering address generation unit capable of storing an
address of a row hammering word line of the normal
word lines and the redundancy word lines and replace-
ment information indicative of whether the row ham-
mering word line is a normal word line or a redundancy
word line, and generating an address of a normal word
line or redundancy word line adjacent to the row
hammering word line;

a redundancy selection unit capable of controlling the
redundancy word line corresponding to the address
generated by the hammering address generation unit to
be selected from the redundancy word lines when the
replacement information indicates that the row ham-
mering word line is the redundancy word line; and

a refresh control unit capable of controlling the normal
word line or redundancy word line corresponding to the
address generated by the hammering address genera-
tion unit to be additionally refreshed.

10. The memory device of claim 9, wherein the row
hammering word line comprises a normal word line or a
redundancy word line having an activation number equal or
greater than a reference number, or having a frequency equal
or greater than a reference frequency.

11. The memory device of claim 9, wherein the hammer-
ing address generation unit generates the address of the
normal word line or redundancy word line adjacent to the
normal word line or redundancy word line corresponding to
the address stored in the hammering information storage unit
by adding or subtracting a specific value to or from the
address stored in the hammering information storage unit.

12. The memory device of claim 9, wherein the refresh
control unit controls the normal word lines in response to a
periodically received refresh command to be sequentially
refreshed, and

wherein the refresh control unit controls the normal word
line or redundancy word line corresponding to the
address generated by the address generation unit to be
additionally refreshed whenever a specific number of
the refresh commands are received.
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13. The memory device of claim 9, wherein the redun-
dancy selection unit controls a redundancy word line cor-
responding to the address to be selected when performing a
test operation.

14. A memory device, comprising:

a plurality of normal word lines;

a plurality of redundancy groups each comprising one or
more redundancy word lines for replacing the word
lines;

a first hammering information storage unit capable of
storing an address of a row hammering word line of the
normal word lines;

a first address generation unit capable of generating an
address of a normal word line adjacent to a normal
word line corresponding to the address stored in the
first hammering information storage unit;

aplurality of second hammering information storage units
each capable of storing an address of a row hammering
word line of the redundancy word lines of each of the
redundancy groups;

a plurality of second address generation units each
capable of generating an address of a redundancy word
line adjacent to a redundancy word line corresponding
to the address stored in each of the second hammering
information storage units; and

a refresh control unit capable of controlling a normal
word line corresponding to the address generated by the
first address generation unit or a redundancy word line
corresponding to the address generated by the second
address generation unit to be additionally refreshed.

15. The memory device of claim 14, wherein the row
hammering word line comprises a normal word line or a
redundancy word line having an activation number equal or
greater than a reference number, or having a frequency equal
or greater than a reference frequency.

16. The memory device of claim 14, wherein the second
hammering information storage unit stores replacement
information indicative of whether the row hammering word
line is a normal word line or a redundancy word line.
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17. The memory device of claim 14, wherein:

the first address generation unit generates the address of
the word line adjacent to the word line corresponding
to the address stored in the first hammering information
storage unit by adding or subtracting a specific value to
or from the address stored in the first hammering
information storage unit, and

the second address generation unit generates the address
of the redundancy word line adjacent to the redundancy
word line corresponding to the address stored in the
second hammering information storage unit by adding
or subtracting a specific value to or from the address
stored in the second hammering information storage
unit.

18. The memory device of claim 14, wherein the refresh

control unit controls the normal word lines in response to a
periodically received refresh command to be sequentially
refreshed, and

wherein the refresh control unit controls the word line
corresponding to the address generated by the first
address generation unit or the redundancy word line
corresponding to the address generated by the second
address generation unit to be additionally refreshed
whenever a specific number of the refresh commands
are received.

19. The memory device of claim 16, wherein:

the first address generation unit generates the address of
the word line adjacent to the row hammering word line
using an address corresponding to the row hammering
word line when the replacement information indicates
the row hammering word line is a normal word line,
and

the second address generation unit generates the address
of the redundancy word line adjacent to the row ham-
mering word line using the address of the row ham-
mering word line when the replacement information
indicates that the row hammering word line is a redun-
dancy word line.
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